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Abstract— Results are presented from measurements to identify 
the benefit of using two intelligent quadrifilar helix antennas 
(IQHAs) in a WLAN access point to enhance the MIMO capacity 
of a 4x4 MIMO link by using antenna selection. Indoor 
measurements at 2.3GHz were undertaken using a channel 
sounder and two transmit IQHAs with one receive. Results 
indicate that there is a marked increase in capacity potential 
while still using only four transceivers at both ends and it opens 
the scope for increased capacity with small antennas. 
I. INTRODUCTION 
The Intelligent Quadrifilar Helix Antenna (IQHA) 
pioneered at the University of Surrey, UK, has proved its 
potential as a compact, printed antenna with ease of 
manufacturability that could be used at an access point or 
mobile terminal [1]. The reduction in size in the order of 70% 
compared to conventionally spaced dipoles allows such an 
antenna to be practical for MIMO applications while only at 
the expense of a minor reduction in capacity. The IQHA is 
beneficial both at the access point and mobile in a wireless 
local area network (WLAN) scenario since both devices will 
need to be small and low profile. Placing two antennas a the 
access point provides the opportunity to use eight elements, 
which would not be feasible with conventionally spaced 
dipole antennas. Furthermore, access points are often placed 
in locations where they are in a corner or next to fixtures such 
as picture frames and light fittings. Such an ad hoc setup of 
access points can be a disadvantage to the antenna if it is 
placed in the wrong position though the deployment of two 
IQHAs in an access point reduces the chance of at least one of 
the antennas being subject to such near field effects. In such a 
case, deploying a MIMO system with 8 transmit antennas 
where only 4 are of any use would make it not cost effective.  
Antenna selection for this reason has been well known 
[2][3] as an economic alternative to MIMO with several 
branches yet still providing increase in capacity potential. 
Little attention, however, has been given to actual practical 
antenna designs and the vulnerabilities they have to branch 
power ratios even if they have the necessary de-correlated 
branches. This paper therefore analyses the IQHA as an 
example case with two antennas at the access point and one 
vertical antenna at the mobile in order to analyse the capacity 
gain that is attainable from using antenna selection. It will also 
analyse which branches are chosen at any one time so as to 
ensure that the antenna selection is benefiting from the 
presence of two IQHAs rather than one.  
II. THEORY OF ANTENNA SELECTION 
For an 8x4 MIMO link, channel H has eight 4 element 
vectors hn each of which represent access point branch n 
linking with mobile branches 1 to 4. In this case, the first 
IQHA at the access point is represented by h1 to h4 and the 
second by h5 to h8. There are therefore only four branches at 
the receiver. 
 
[ ]87654321 hhhhhhhhH =  (1) 
 
To perform the antenna selection, the magnitude, nh  of each 
vector is taken whereby the transmit branches with the four 
highest values are then selected. This action is denoted by the 
notation ( )H4max  so that the resultant Shannon capacity by 
using antenna selection, Csel, is defined as follows [4]: 
 
( ) ( )HselC HHI 442 maxmaxSNRlog +=  
(2) 
 
where SNR is the signal to noise ratio and I is the identity 
matrix. A 4x4 channel matrix will result from ( )H4max . 
 
Figure 1 – Example of how gain in capacity is avhieced by use of antenna 
selection for an 8x4 iid Rayleigh distributed MIMO channel 
Provided all branches are de-correlated, there will always 
be cases of maxima and minima so that Csel will in general be 
higher than the MIMO capacity when using just the first four 
or the last four branches. An example of this is shown in 
figure 1, where there is an increase in capacity of around 5 
bits/s/Hz for any value of SNR. This is for one given channel 
state in an independent identically distributed (iid) Rayleigh 
channel so this gain in capacity will be different for other 
channel states and in certain cases it may be negligible. Good 
improvement in capacity is, however, achieved for the 
majority of the time if all branches are decorrelated so as to 
select branches with higher overall SNR. 
III. MEASUREMENT CAMPAIGN SETUP 
An 8x4 MIMO measurement campaign was conducted 
with two IQHAs at the access point, IQHA A1 and IQHA A2 
as shown in figure 2. The mobile was placed at four different 
positions to gain a static channel state measurement shown as 
positions NLOS1, NLOS2, NLOS 3 and LOS, where there 
was a line of sight (LOS) component in the final case. All the 
others were non line of sight (NLOS). As is shown in the 
photograph in figure 3, measurements were taken within the 
laboratory and the two IQHAs were placed by the channel 
sounder as shown in figure 4. 
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Figure 2 - Diagram showing the measurement campaign setup and the 
location of the four measurement positions, NLOS1, NLOS2, NLOS3 and 
LOS 
 
Figure 3 – Photograph of the partition and laboratory environment 
 
Figure 4 – Photograph of the two IQHAs at the access point 
An Elektrobit wideband channel sounder was used to 
conduct the measurements whereby the centre frequency was 
set to 2.3GHz and the antennas were likewise tuned to 
resonate at this point and extract narrowband data from the 
measurements taken over 200MHz bandwidth. The reason for 
selecting this frequency at low power was to avoid the 
interference of nearby wireless local area networks (WLANs) 
that significantly distort the results. The results can therefore 
be assumed to be similar were the tests carried out at the 
typical WLAN frequency of 2.4GHz.  
 
In post processing, the channel data was normalised so as to 
remove the path loss and then make direct comparisons of the 
scattering between the different antenna combinations. 
Furthermore the normalisation still retained the branch power 
ratios (BPRs) that were present in the IQHAs so as to enable 
antenna selection to overcome the inherent problems that 
occur.  
IV. MEASUREMENT RESULTS 
To analyse how power varies between the IQHA branches 
in their respective locations, a comparison of their branch 
power ratios are made in figure 4 for the three different 
measurement locations. The magnitude, nh , is taken in each 
measurement and the branch with the lowest magnitude is 
normalised to 0dB so that the difference in dB for the other 
branches can be determined. The first four antenna branches 
in the histogram are the first four sets of blocks to represent 
the relative power levels in IQHA A1 shown in figure 2 and 
the remaining four sets of blocks are the power levels for 
IQHA A2. In all four measurement scenarios, the four 
strongest branches are shared between the two IQHAs. 
Therefore there is purpose in having antenna selection to 
increase the overall signal to noise ratio of the branches.  
 
In measurement NLOS1, the variation between branches is 
not significantly high, maximum 5.5dB though for NLOS2 
and NLOS3 this is as high as 8dB. The LOS measurements 
show a variation as much as 16dB, since there are antenna 
elements in the IQHAs that have a line of sight link with the 
mobile and others that have an obstructed line of sight link 
due to other branch elements in the IQHAs themselves. In all 
NLOS cases, however, there is sufficient de-correlation 
between the branches to achieve benefit from antenna 
selection. For the LOS case, there is significant branch power 
ratio between antenna elements facing the mobile and those 
not. Therefore antenna selection overcomes two problems. 
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Figure 4 – Comparison of the relative power between IQHA branches for all 
measurement locations 
The derived capacities using equation (2) and the standard 
Shannon formula for each IQHA are shown in figure 5 for all 
four measurement locations. The gain in cases of NLOS1 and 
NLOS2 show that one of the IQHAs achieves comparable 
capacity with the antenna selection. Thus, in this situation just 
switching between one IQHA rather than four out of all eight 
branches creates an even simpler system overall yet achieves 
comparable capacity. This therefore verifies the benefit in 
some circumstances of simpler selection algorithms to 
overcome branch power ratio effects, which are prevalent in 
these two measurement scenarios. In case NLOS3, however, 
there are more heavily de-correlated branches, which is 
beneficial to using antenna selection.  
 
Finally the line of sight measurement shows a marked 
benefit for lower SNRs though still comparable to that of the 
first IQHA. This is expected due to the higher correlation in a 
line of sight environment though some limitations of the 
branch power ratio between the branches (evident in figure 4) 
are overcome since two strong branches from each IQHA are 
selected. 
V. CONCLUSION 
Preliminary static measurements of 8x4 MIMO links from 
two IQHAs to one have been investigated with the use of 
antenna selection to gain improved capacity of a 4x4 MIMO 
link. Results show that the use of antenna selection is 
beneficial to gain an increase in capacity of up to 30% 
compared to that of a single IQHA, which could also be of 
benefit to other compact MIMO antennas. Further work will 
be required to analyse these results in real time and also 
consider different orientations of IQHA, such as one that is 
horizontal to better exploit the use of depolarisation. These 
matters will be topics for further work.  
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Figure 5 - Diagram showing the capacity as a function of SNR for locations (a) NLOS position 1, (b) NLOS position 2, (c) NLOS 
position 3 and (d) the LOS position 
 
